One new cassane diterpene possessing an unusual N bridge between C-19 and C-20 named caesalsappanin R (1), as well as another new diterpene caesalsappanin S (2), were isolated from the seeds of Caesalpinia sappan with methanol extract. Their structures were determined by spectroscopic analysis and examined alongside existing data from prior studies. Their biological activities were profiled by their antiplasmodial activity.
Introduction
Caesalpinia sappan has been a part of traditional Chinese herbal medicine and is widely used in the treatment of dysmenorrheal, blood stagnation, and tetanus. Previous phytochemical investigations indicated that this genus contains an abundant source of cassane diterpenes with different structure types, and most of them showed in vitro or in vivo pharmacological impacts such as antiproliferative [1] [2] [3] , antiplasmodial [4, 5] , antibacterial [6] , antihelmintic, and antineoplastic activity [7] . As a continuation of our project towards new bioactive diterpenes discovery from the genus Caesalpinia [2, 3, 8] , we examined the chemical constituents of C. sappan and obtained two new cassane diterpenes, designated caesalsappanin R (1) and caesalsappanin S (2) (Figure 1 ). Compound 1 is a rather unusual cassane diterpenoid lactone-type skeleton, consisting of an N bridge between C-19 and C-20. In this paper, we detail the separation and structural determination of the novel agents and the examination of their antiplasmodial activity. 
Results and Discussion

Purification of Compounds 1-2
The seeds of C. sappan were extracted with MeOH three times. The two cassane-type diterpenoids were isolated and purified via silica gel chromatography, Sephadex LH-20 gel chromatography and semi-HPLC.
Structure Elucidation of Compounds 1-2
Compound 1 was acquired as a white shapeless powder. The HRESIMS spectrum demonstrated a quasi-molecular ion at m/z 454.2199 (Calcd. for C24H33NO6Na, 454.2206), which in connection with the NMR data, confirmed that the molecular formula was C24H33NO6. The IR and UV spectra revealed absorptions for an amidogen (3190 cm −1 ), a carbonyl (1735 cm −1 ), and an α,β-unsaturated butenolide unit (210 nm; 1749 cm −1 ) [2] . The 1 H and 13 C APT NMR spectra (Table 1) displayed the olefinic proton signal at δH 5.86 (H-15, s) and four downfield-shifted carbon signals at δC 107.4 (C-12), 171.0 (C-13), 115.9 (C-15), and 179.9 (C-16), which also confirmed the presence of the α,β-unsaturated butenolide ring. Additionally, the 1 H-NMR spectrum exhibited signals for a methyl at δH 1. 14 The HSQC spectrum displayed all of the proton signals assigned to the corresponding carbons through direct 1 H and 13 C correlations. The overall 1 H-and 13 C-NMR spectroscopic data confirmed that 1 is an oxynitride diterpene possessing a fused butenolide unit [9, 10] , and its entire structure was connected, as confirmed using HSQC, HMBC, and 1 H-1 H-COSY spectra ( Figure 2 
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Structure Elucidation of Compounds 1-2
Compound 1 was acquired as a white shapeless powder. The HRESIMS spectrum demonstrated a quasi-molecular ion at m/z 454.2199 (Calcd. for C 24 H 33 NO 6 Na, 454.2206), which in connection with the NMR data, confirmed that the molecular formula was C 24 H 33 NO 6 . The IR and UV spectra revealed absorptions for an amidogen (3190 cm −1 ), a carbonyl (1735 cm −1 ), and an α,β-unsaturated butenolide unit (210 nm; 1749 cm −1 ) [2] . The 1 H and 13 C APT NMR spectra (Table 1) The HSQC spectrum displayed all of the proton signals assigned to the corresponding carbons through direct 1 H and 13 C correlations. The overall 1 H-and 13 C-NMR spectroscopic data confirmed that 1 is an oxynitride diterpene possessing a fused butenolide unit [9, 10] , and its entire structure was connected, as confirmed using HSQC, HMBC, and 1 H-1 H-COSY spectra ( Figure 2 14) showed that the hydroxyl group was β-oriented at C-20, and the methyl group at C-14 and the ethoxy group at C-12 were all α-oriented. The same carbon skeleton with the trans/anti/trans system of three six-membered rings A, B, and C, and the oriented proton at C-8 was β-axial and the oriented protons at C-5/C-9 was α-axial, which are well established on all cassane diterpenes isolated so far from the genus Caesalpinia [3, 8, 11] . Considering the biosynthetic relationship and comparing with the literature of cassane diterpenoids [12] , the absolute configurations of the chiral carbons were determined to be 4S, 5R, 8S, 9S, 10S, 12S, 14R in 1 and are shown in Figure 2 . Therefore, the structure of 1 was determined and it was named caesalsappanin R (Figure 1) . Compound 1 is representative of a new cassane diterpenoid lactone-type skeleton with an N bridge between C-19 and C-20. The 1 H-and 13 C-NMR data displayed a cassane diterpene skeleton with an oxygen bridge between C-19 and C-20, which was very similar to the reported compound caesalsappanin H [3] . In fact, the only difference between them was that the methoxy group at C-20 in caesalsappanin H was replaced with a butoxy group in 2. The 1 H-and 13 C-NMR spectra displayed the signals at δH 3.22, 3.80 (2H, ddd, J = 9.6, 6.0, 3.0 Hz, CH2), 1.32, 1.47 (2H, m, CH2), 1.28, 1.43 (2H, m, CH2), 1.87 (3H, t, J = 7.2 Hz, CH3) and δC 67.8 (CH2), 31.9 (CH2), 20.0 (CH2), 13.7 (CH3), which suggested the presence of a butoxy group. Also, the HMBC correlations from CH2 (δH 3.22, 3.80) to C-20 (δC 104.2) supported the position of the butoxy group at C-20. Taken along with 1 H-1 H COSY, HSQC, HMBC, and NOE spectra, the structure of compound 2 was determined and it was named caesalsappanin S. (Figure 1 ).
In Vitro Antiplasmodial and Larvicidal Activities of Compounds 1-2
The two compounds were tested against the chloroquine-resistant strain K1 of P. falciparum (Table 2) . Compound 1 exhibited relatively good antiplasmodial activity in vitro with IC50 values of 3.6 μM, compared with chloroquine. On the other hand, compound 2 showed only weak activity against the chloroquine-resistant K1 strain of P. falciparum. It appears that the presence of the N bridge in cassane-type diterpenoids may play an important role in enhancing activity against the chloroquine-resistant K1 strain of P. falciparum in vitro. Furthermore the toxic activity of compounds 1 and 2 against mosquito larvae was evaluated. Both compounds displayed only low activity. 
Materials and Methods
General Experimental Procedures
Optical rotation data were measured with a Perkin-Elmer 341 digital polarimeter (PerkinElmer, Norwalk, CT, USA). UV and IR data spectra were recorded on Shimadzu UV2550 and FTIR-8400S spectrometers (Shimadzu, Kyoto, Japan). NMR spectra were obtained using a Bruker AV III 600 NMR spectrometer with chemical shift values presented as δ values having TMS (Tetramethylsilane) as the internal standard. HRESIMS was performed using an LTQ-Orbitrap XL spectrometer (Thermo Fisher Scientific, Boston, MA, USA). Column-chromatography (CC) was performed using The 1 H-and 13 C-NMR data displayed a cassane diterpene skeleton with an oxygen bridge between C-19 and C-20, which was very similar to the reported compound caesalsappanin H [3] . In fact, the only difference between them was that the methoxy group at C-20 in caesalsappanin H was replaced with a butoxy group in 2. The 1 H-and 13 C-NMR spectra displayed the signals at δ H 3.22, 3.80 (2H, ddd, J = 9.6, 6.0, 3.0 Hz, CH 2 ), 1.32, 1.47 (2H, m, CH 2 ), 1.28, 1.43 (2H, m, CH 2 ), 1.87 (3H, t, J = 7.2 Hz, CH 3 ) and δ C 67.8 (CH 2 ), 31.9 (CH 2 ), 20.0 (CH 2 ), 13.7 (CH 3 ), which suggested the presence of a butoxy group. Also, the HMBC correlations from CH 2 (δ H 3.22, 3.80) to C-20 (δ C 104.2) supported the position of the butoxy group at C-20. Taken along with 1 H-1 H COSY, HSQC, HMBC, and NOE spectra, the structure of compound 2 was determined and it was named caesalsappanin S (Figure 1 ).
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The two compounds were tested against the chloroquine-resistant strain K1 of P. falciparum (Table 2) . Compound 1 exhibited relatively good antiplasmodial activity in vitro with IC 50 values of 3.6 µM, compared with chloroquine. On the other hand, compound 2 showed only weak activity against the chloroquine-resistant K1 strain of P. falciparum. It appears that the presence of the N bridge in cassane-type diterpenoids may play an important role in enhancing activity against the chloroquine-resistant K1 strain of P. falciparum in vitro. Furthermore the toxic activity of compounds 1 and 2 against mosquito larvae was evaluated. Both compounds displayed only low activity. 
Materials and Methods
General Experimental Procedures
Optical rotation data were measured with a Perkin-Elmer 341 digital polarimeter (PerkinElmer, Norwalk, CT, USA). UV and IR data spectra were recorded on Shimadzu UV2550 and FTIR-8400S spectrometers (Shimadzu, Kyoto, Japan). NMR spectra were obtained using a Bruker AV III 600 NMR spectrometer with chemical shift values presented as δ values having TMS (Tetramethylsilane) as the internal standard. HRESIMS was performed using an LTQ-Orbitrap XL spectrometer (Thermo Fisher The LC 50 were calculated from toxicity data by using probit analysis [18] . Chloroquine was included as a standard for comparison. Data are presented as means ± SEM. Statistical analyses were done by means of the Student's t-test. A P value of less than 0.05 was considered a significant difference.
Conclusions
In conclusion, two new cassane-type diterpenoids (1 and 2) were isolated and characterized by spectrometric analysis (1 and 2D NMR, HRESIMS). Compound 1 exhibited active antiplasmodial activity in vitro with IC 50 at 3.60 µM. In addition, the compounds that we had reported also showed antiplasmodial activities; caesalsappanins A, G, H, and I displayed antiplasmodial activities with IC 50 values of 7.4, 0.78, 0.52, and 2.5 µM, respectively [3] . Therefore, we believe that this plant is an important source for the diverse structure of cassane-type diterpenoids and should be further investigated for the antiplasmodial activity.
